In vivo potentiation of ricin toxicity by monensin delivered through liposomes.
Monensin, a carboxylic ionophore, which is known to raise intravesicular pH, was intercalated in liposomes and its effect on the toxicity of ricin in mice was studied. The toxicity of ricin in vivo was found to be significantly enhanced by the administration of monensin intercalated in liposomes (liposomal monensin). The observed enhancement of the toxicity of ricin by monensin was highly dose-dependent and was maximal when ricin was injected within 60 min of monensin injection. The survival time was found to be reduced in the range of 8-20 h, depending on the dose of ricin used, by liposomal monensin. Stability of liposomes containing monensin as inferred from the release of entrapped calcein or FITC-dextran under both in vivo and in vitro conditions was comparable to that observed for liposomes without monensin. Liposomal monensin remains in circulation for 2 h and was cleared from the blood stream after 4 h. In contrast, 15 min was required for the clearance of monensin when administered in free form. Studies on the distribution of liposomal monensin and 125I-ricin in various tissues have revealed that monensin is mainly localized in the liver and spleen which are also the major sites for ricin accumulation. Our observation on the substantial enhancement of ricin toxicity in vivo by liposomal monensin strongly supports the potential usefulness of the latter as a potentiating agent in the enhancement of the toxicity of immunotoxin or hormonotoxin for selective elimination of cancer cells.